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Abstract A "Fl?d for contl""o"s sampling Of the 
dimensions Of S"pePco"d"ctl"g cable has lead to 
the development of a mach‘ne for that purpose. 
ThlS de"Lce measures average thickness. width. and 
keystone angle for a wide variety Of cable 9*ze3 
while Under the mechanical loading anticipated I" 
the final coil structure. Linear *imensinns CR" 
b-3 mPas"red to t .0001'~ an* angle to t .OP. Cable 
can be measured With an0 "lthout l".¶"i.3tiO". 
Loading is variable up to 25 ksi. This device has 
app1icat1ons in epc'xy r-me coil winding "here the 
cable dlmenslans must be "l?ll ""dnrstood t'erore 
co,1 winding in order t." predict the Size Of the 
f‘"iStwd cai, package. 115 il disgnmtic device. It 
ha.3 app1,cation in the cable inalt*ng process to 
help understand Ca"sF.3 ror‘ subtle inconsistencies 
I" cable dimensions. R pOSSible qunllty control 
application exists. current cable quality control 
requ‘res deStP"Cti"e techniques with very small 
samp1 ings, Usually two Sample.¶ for 5,000' Of 
cable. We tlavc .?",,".~te?d df?YiW performance by 
repeated me~surem!"t9 or Lellgths or ssc cable. 

cm 0 type COllS such RS those Intended r-w 
the ssc are made r-ran multistrand keystoned 
superconducting "Rutherford type" cable. (The 
CUPrent ssc coil cross-onction is Jhcw” in Figure 
i., I” fabr‘catin& these magnets it is essential 
that the physical s*ze or the cable be ““dePStoOd. 
I” cPeatln& a roil geometry. the magnet designe? 
speciries the cond”ctor size necessary to l-it the 
OYePall ‘ie3tgn paramete!3. These parameter.? 
include COnd”CtoP placPm?“t ami coil preload at 
operational temper~turl?. Random variations in 
cable size Will lesult in random BPPOP9 in the 
magnetic Field harmonics. Systematic “arlat*onS 
in tb? cable size anIl thick”f!RS in particular 
pePt”Pb the prelnad. that. *s ttl* G3Ziil”thal 
compressive force imposed on t.tx? COll “ia the 
collars to CO”“tPr mgwtic rorce3 developed 
during operation. variations in coil segments of 
a rev mi1s can change Irequired preload by several 
thousand p9i and high preloilds causf? insulation 
degPRdation 3rd clamp C"llaP dl3tortlo"s. CO‘1 
rabricatla" teCh"ig"PS empl"yi"g R-Stage Kapto" or 
Kapt"n/B-stage Fiberglass inulatl"" with the 
coils molded to a given size allo" s*me latitude 
in cable size tolePa"Ce.? due t" the plastic nat"Pe 
Of the ,"s",ation. mere RPP. hoVe"er. limits to 
the "ad,justabiIity" or thi3 3y9t.w as the major 
constituent Of ttlr coil COmpOSitP is the cable. 
These limits red"ce as the i"s~lntia" is minimized 
to nlore err,cientiy llJ.2 the sup""co"d!x~tor. 

*Operated by Universities Rexsar‘ch *ssoc1nt1on. 
1°C.. ""dW cc'ntract with rhe ". s. DepRrtmmt or 
Energy. 

F*g”re 1. cross-section Of a ssc Design D 
COllaPed coil iissembly. 

The coil pPelo.30 can best be controlled by 
imposing tolerance limits on the cable. current 
magnet nanuracturing pPaCtlceS utilize 
measurements Of the completed cat1 to aSSUre that 
the CO‘19 1" the magnet are or ""ifoP" size so as 
not to build in asymmetries in the assembled 
magnet. This ‘9 accomplished by remolding the 
co*1 after ascertaining ‘t.3 size follaulng the 
r1rst molding operation. thereby making all coils 
to a uniform size. Another technique is to 
careru11y match upper ano lower coil sets using 
the measurement data. I” epoxy free co11 designs 
1” which CO‘13 are clamped directly by me collars 
and no mo101ng 19 Used direct co11 measwement is 
not pass‘ble. InStead the cable size must be we11 
enough understood to predict the coil size prior 
to vlnd‘ng. The coils can then be matched by 
selection or cable based on It.3 measured size. 

A cable measuring device was built at 
FePmilab as part or a program to develop epoxy 
free co‘ls. This measurement technique clearly 
can be used to ensure cons‘stent coil Sizing and 
un1rorm u*re placement I” molded coils a9 ‘well. 
The measuring machine ciesct-1Wd here could best be 
utilized I” line with the catd*ng machine and 
COUld Flll.2” CO”trd or cable dimension to 
apprOxlmatFly a tenth Of a rnil (2.5 mlcrons~. 

CARLE SIZE SPECIFICATION 
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(keystone angle) derine the physical size of the 
cable. Tolerances are applied to these 
dimensions. S”Ch a specification is incomplete in 
that C”“SLdePatio” IS not g*ven t* the fact that 
the CrIbla is a C”mpOSite having a variable spring 
rate. It is reasonable to expect the c.?ble to be 
Of varying six dependent on the loading 
conditions applied to it. The appllcatlo” Of 
loads on cable used in co.5 R magnets are 
compressive and normal to the plane defining the 
W‘dt.h. It 19. therefore, appropriate and 
necessary for the cable specification to include a 
specified load when brining dimensions. 

MERSUREMENT TECHNIQUES 

TPaditional cable quality cO”t1‘01 has evolved 
rrom miCPcmeteP measurements or the cable width 
and WAga thiCk”e9sCS to the present method Of 
average thickness rwnn”Pe”e”t.3 Obtained by 
atacking a “umber of cable samples Wlt.h 
altePnating kPy.Yto”e. While applying a sp3ciriea 
load the stack height is measured with the average 
cable thlCk”ess a93u”ed by dividing the stack 
height by the number ar samples. ThlS meas”reme”t 
has been Standardized to ha”2 ten cable samples I” 
the stack. The dimension of width Is still made 
with a micrometer. The keystone ia measured by 
applying a specified load to an individual sample 
thro”gh a PiYcml pintten. Uhlle these 
meas”reme”ts are an Lmprovement to PtdE”iO”-Y 
tdl”*CJ”M, they are destructive and applied only 
to a very small sample “T the cable. typically 
obtained by cutting samples lrom the beginning of 
a cable reel and at best by mnp1es take” IronI the 
beginning and end Of the mble uSed for a coil 
ieav,ng the actual cable used in the co11 
““~~lllpl‘2d. 

CONTINUOUS MEASUREMENT IIEVICE 

These shortcomings st‘ln”lRted the development 
Of a device which V”Uld enable continuous 
meaS”reme”t or cable. The device developed at 
Fermilab was fabricated to sprc‘cic criteria: 

I. be capable “f mensnrL”g moving Cable 
allowing the measurements to be made in the 
Cable insulating I,“?. 

2. be capable Of meas”rlng cable rang,ng in 
width or ,280" to ,450". 

3. haYe variable load capacity ranging to 
20,000 ps, *or a .435" wide cable a11ouing 
applied load to be selected to match the 
cable speclf‘catio". 

4. have the measured samples loaded .1crozs 6" 
Of iength so as not to meaS"Pe the 
m‘CrOStPUCt"re or the cable cmp"site. 

ln3”lat‘o” prove to be Of value, and 

7. be linked to a COmpUteP for data cOlleCtion 
and processing. 

The device 1s illustrated in Figure 2. The 
critical element or the lnachine IS the measuring 
head (Figures 3 and 4,. me head contains a 
rotating p1atten fitted to a cyllndrfcal bearing 
S"lfC3CE. me load is tPa"SfePPed to the cable via 
hydraulic rams act*ng on the rotatable plate". 
contact pre99ure with the cable causes the p1atten 
to rotate and conform to the angle Of the cable. 
Eltensio"?, on each Sldt? or the p1atten anpliry 
this motion. LVDT'S (Linear Variable Dirferentfal 
Transformer) are used to measure the posltlon or 
these extensions. The LYDT's are cal‘brated to 
SOlid steel gage blocks Of know" size and 
adj"Stable stops are used to keep the load 
centered on the cable. The LVDT's acting an the 
platter? exte".sians are used to measure the 
keystone angle and average thickness relative to 
the gage block. W‘dth dimensions are made using 
another LVDT which contacts a o1amp bar. Th‘3 
LVDT is also cal‘braWd to the Sage block. The 
clamp bar Uses two small pneumatic PaIS to force 
the cable between it and the cable center‘ng 
stops. The loa.3 IS Sufficient to pasition the 
cable Yet light enough to allou Yol"nlPtrlC 
expansion or the cable when loaded. In opwation 
the sequence or eYe"t5 19 to r1rst activate the 
pneumatic cylinder acting on the cable width clamp 
bar to properly positlo" the cable under me 
measuring head. Rft,W a short t*me delay the 
hydraulic rams are activated. The moving clamped 
cable drags me meas”rI”g head along on linear 
motion ball bearings. I\rter a predetermined t*me 
Interval. the stgna1 voltage Of the LYDT’S are 
read and the hydraulic and pneumatic Pan9 are 
relaxed. A constant tension spring returns the 
head to it5 Orlgi”al posltio” tripping a 
micros”itch and restarting the process. 

The hydraulic pressure is provided by an air 
O”eP hydPa”l‘C boOSteP. Al? regulators al-e used 
to YaPy cable loading and are manually adjusted. 
An IBM PC 19 used to Collect and store data. A 
program CO”“ePtS the voltage OUtpUt Of the LYDT“.? 
to cable dimensions through comparison to the gage 
blOCk9. Clamping pressure via a hYdP;I”lIC 
pressure transducer and meas”reme”t posltio” via a 
roatage CO”“teP are PeCOPded as well. 

“EISUREMENTS 

We have measured a length or ssc inner coil 
cable t-or the purpose or “rIderstanding the 
operation Of the machine. These “eas”reme”ts UePe 
oar-rid O”t O”eP a 9-day period taking 
measurements at 6” intervals along 150’ or cable 
v,tfl the load‘ng set at 5,000 PSI on the cable. 
The meas”reme”t9 “eve repeated six times on the 
same sample. These six ~““9 avera@%, 2 runs per 
day. Each repeat BeaSUPement P”” salnpled the 
cable at me same positions along the cable as the 
previous measurement PU”. TO a99ure registration 
the cable neasurlng locations were marred an* 
“wnbered on the cable. The measurl”S head was 
then manually positioned along the stationary 
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Figure 2. Th‘S r1gure lllustratcs the measuring 
machine ‘“Stalled In the cable 
Insulation li”F. 

Figure 3. A” end view Of cable head showing cable 
during measurement. 
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cable with respect to these nmPk.¶. This allowed 
e1gilt meas”reme”ts to be made before the cable had 
to be advanced. TO dlsco"nt any 1rf1uence on the 
meas"Pe"ents WhlCh could arim wan the lneaS"P‘"g 
pattern the fifth and sixth runs were offset. that 
1s. at the start of P"" t5, *our measurements were 
ma&? and the Cable advanced returning to the 
normal pattern Of e‘ght meas"relne"t9 per cable 
advance for the rema‘nder of the P"". Prior to 
and fallou‘ng each PU", steel callbratlo" blocks 
were measured to detect any drift I" the 
meas,~ements. These blacks were "aed Initially to 
calibrate the meas"Peme"ts of the LYDT's. TWO 
blocks were used. The l-It-St is Of a rectangular 
cross-section (used for calibration); the second 
block is made to a cP095-9eCtiO" matching the 
speclfled dlmenslans of the cable being me8swed. 
The second block is use* to cross-check the 
CalfbPatlO". 

RESULTS 

The COmpOB‘te 3tP"Ct"Pe Of the cable ""like 
the sol‘d steel gage blocks becomes apparent In 
the cable measurements. Rfter the flr3t 
meas"renent P"", subsequent measwements indicated 
a systematic reduction Of all *lme"sio"s. The 
results Of six measurement runs on one piece Of 
cable are shop" in F‘Sures 5. 6. and 7 Which plot 
the dlrferences Of each 7"" *Pm the average value 
fOP all six for each Of the measurement points 
100-125 (12.5 feet or cable). me I‘gures CleaPly 
show yielding Of the cable with each s"ccesslve 
P"". 

To evaluate measuring machine performance 
Vitho"t systemtics due to th‘s yielding or 
measuring head calibration shifts. each Of the 91x 
~""9 was offset by the angle. Width, and thickness 
averaged over the entIre length of measured cable 
l-or that I-"". For each point an the cable, the 
de",atio" Of me six mea.9"Pe"e"ts from the average 
for that point was calculated. The P"S v‘dths Of 
these deviations are give" I" Table 1 and can be 
considered a good measure Of me accuracy Of the 
head when ".wd to measure composite cable. *ilso 
ShOU" 1" Table 1 are the Pm de"latlo"s Of 
success,ve meas"reme"t.9 made on the solid gage 
blocks over a short period of time. 

The data in Figures 5, 6. and 7 suggest that 
an operational defln‘tio" ShO"ld be applied when 
measuring cable closely correlated to the end use 
of the cable, that 1s. the magnet coils. Such a 
deflnltlo" could define the appllcatlo" Of the 
load ta the s.m~le being "wm"~ed. FOP example. 
the cable could be first loaded as anticipated in 
the co11 noldlng process, Pelaxed, and the" loaded 
again to the expected collar loa* Ul Lh 
measurements ~emrded at that time. Th19 issue is 
secondary to the primary use of the machlne which 
*s to measure cable. The results In Table 1 
clearly indicate the capablllty of the machine to 
do that quite respectably. 

FLgure 4. IsametriC ,ll”StPation of the measuring 
head with the load ram and guides 
PemOYed for Clarity. 
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Figure 5. Cable KeystOne Angle. 
Plotted is the d,t!-erence between each “l six 
meas”rement runs an th? Jane Cable and the average 
for ali SLY !.““S. The 25 points 3hOW" 
~100.00-125.00, represent 12.5' Of cable. 
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Figure 7. Cable ,,"erage Thickness 
Plotted 19 the difference between each Of 91x 
meas"rene"t r"n.3 on the same cable and the average 
for all six runs. The 25 paints shown 
(100.00-125.00) represent 12.5' of cable. 

APPLICATION 

Application or this device can be considered 
for P.C. of cable by the u9er. It has 51mIl.w. lr 
not SupePloP value, to the cable man"racturer. I" 
order to produce cable cons‘stently to a h‘gh 
degree Of 2.CC"PBCY. the cable s‘ze should be 
mon‘rored on a CO"tin"al basis. Subtle changes I" 
able dimensions could be observed and adjustments 
made Immediately. AS a dlagnostlc tool. It. has 
potential ror helping SOPt O"t causes Of cable 
"ariations and help focus I" on areas "eedlng 
impro"ement. 
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Figure 6. Cable width. 


